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SUMMARY 

A l l  possible  automodel flows of r e l a t i v i s t i c  gas i n  the  general  
theory of r e l a t i v i t y ,  when endowed with point  symmetry, o f f e r  i n t e r e s t  
for  var ious problems of astrophysics and cogmology. I n  the present paper 
formulas are der ivedfor  the case of general  automodel flow, for the u l t r a -  
r e l a t i v i s t i c  gas flow and for the  case of dust- l ike matter i n  i ts  own gra- 
v i t a t i o n a l  f i e l d .  

* 
* * 

All t he  parameters of a flowing gas f o r  a given equation of state, 

topather with the metric, having i n  t h i s  case the form [l] 

(1)  ds2 = eVcZdlz - - rz(dO2 + sin? e d g )  

where J and 

equations 
are functions of c and t, are described by the  E ins t e in  

Nik - '/26iR11 = xTik and by the equations of motion s temdng from them : 

(2) T:k = 0. 

The general  inves t iga t ion  of the automodel s t a t e  of the ind ica t ed  
system of equations is conducted by a method analogous t o  the f ind ing  of  
automodel so lu t ions  for gas flow i n  the  s p e c i a l  theory of r e l a t i v i t y  (STR) 

E29 31. 
From the  system (2),we have for the ad iaba t i c  flow of gas 

ds - 0. 
(3) 
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3cl;' SITL'NOSTI V SLUC TOCHECHNOY SIF.TBETRII 



2. 

Here ai is the  4-velocity; d a n d  6 are r e spec t ive ly  the  hea t  

t he  pressure P content and the entropy t h a t  may be expressed through 
and the  s p e c i f i c  volume V 

( 4 )  k 
w = k - l  - PI' + ac2, PVk = a. 

It is apFropriate t o  write f u r t h e r  the system (3) i n  a form, resem- 
bling the system of equations f o r  the  ad iaba t ic  flow of gas i n  the STR*: 

- .  

In the  system (5>, a is  the  RIG veloc i ty ,  measured by proper time, - 
dz = 1'- gwdt* O2 = 1 - a2/c2; fu r the r ,  an aux i l i a ry  time 

ced w i t h  the  view of curtail ing the  writing. A t  t he  same t ine ,  one should 
remember t h a t  the  q u a n t i t i e s  q0 and r are not  independent. 

STR by the  presence of two functions A and 3 descr ibing t h e  g rav i t a t iona l  

fo rces  acting upon t he  gas i n  i t s  proper g rav i t a t iona l  field. For t h e i r  
determination one should make use of the E ins t e in  g rav i t a t ion  equations 
which, for a centrally-symmetrical gas flow with metric (l), have t h e  form 
brought out  i n  [l]. From the  inclicated system of 
the  co r re l a t ions  

d.co = e(A-y);2dL is introdu- 

The system (5) d i f f e r s  from the equation of motion f o r  a gas in 

equat ions we may obta in  

E *  STR means f f spec ia l  theory of r e l a t i v i t y ,  VB GTR-general theory of 
r e l a t i v i t y  . 3 
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According t o  the  general  r u l e s  f o r  f ind ing  automodel s o l u t i o n s  ll.4 
w e  shall represent  the functions searched f o r  in the  form 

We should pay a t t e n t i o n  t o  the fact  t h a t  t h e  automodel so lu t ion  of 
(8) is constructed with the  u t i l i z a t i o n  of independent va r i ab le s  r and t- 

time of the  c e n t r a l  observer. Mote t h a t  the system (8) is less  general  than 
the analogous equations i n  r e l a t i v i s t i c  gas dynamics. 

The presence in the  equations (7) of mul t ip l i e r s  e2 and w compels 
us t o  s e l e c t  t he  power O a t  t i n  the expression f o r  g 4 i n  the expressions 
f o r  1 / V  and P the  powers of t must be chosen coinciding. 

Subs t i t u t ing  (8) i n t o  (7) we may a r r i v e  at a system of 5 ordinary 
equations f o r  the unknowns E t - & , .  I n  the  process of obtaining the  ind ica ted  
system of a r b i t r a r y  powers a t  t a r e  l e f t  ( m2 = - 2, ps = q+ = 0 ) .  The 

general  automodel so lu t ion  containing 5 unknown quan t i t i ea  ( a , V ,  P,A,* 1, 
w i l l  t h u s  contain 5 a r b i t r a r y  constants  en ter ing  i n t o  the  general  so lu t ion  
of the  system of 5 ordinary equations. 

Note t h a t  f o r  the determination of gas parameters the first 4 equa- 
t i o n s  would be s u f f i c i e n t  (7). In t h i s  case the  so lu t ion  would include 4 
a r b i t r a r y  constants,  t h a t  I s ,  a.8 many as a r e  included i n  the automodel solu- 
t i o n  of gas flow in the  STEZ [3]. The coincidence of the  number of a r b i t r a r y  
constants  is the consequence of the  fact  t h a t  the  centrally-symmetrical 
motion of aat ter  determines unambiguously the space metric. 

It i s  easy t o  see t h a t  the  general  case of automodel so lu t ion  of 
(8) 
on powers of 5 and m 
values  of t h e  same q u a n t i t i e s  found above. 

no automodel i s en t rop ic  flow exists . Indeed, 6 = pV2 = con&.suparhposes 
an addi t iona l  condition, which con t r ad ic t s  the  

3 

Let  us consider fur ther  t he  u l t r a r e l a t i v i s t i c  gas flow. The funct ions 
searched f o r  w i l l  now be represented i n  the form 

a = Ei(Z) ,  1 / v = t q 2 ( Z ) ,  P = t"Jg3(2), 
49 i  

e% = tmd t ( z ) ,  ev = t"&(z), z = r / t .  

When obtainin? the system of ordinary equations, the  following con- 

d i t i o n s  w i l l  be superimposed on the  powers 

mi = m5 = 0, ms = -2. 
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Therefore, t he  p o w e r  of m2 at V remains a r b i t r a r y ,  which allows 
t h e  fu l f i l lment  of b o t r o p i c i t y  condition by pos tu l a t ing  ai2 = -5 /k. 
The l a t t e r  implies t h a t  in case of u l t r a r e l a t i v i s t i c  gas t h e r e  exists f o r  the 
system (7) an automodel i s en t rop ic  flow; t h i s  5.8 contrary t o  the general  
r e l a t i v i s t i c  case where no such flow exists. 

(8) and ( 9 )  are not  p r a c t i c a l  for research, as being t o o  cumbersome. It is 
thus  apyropriate  t o  e f f e c t  the transformations of the  system (7) and then 
make use of t he  general  h v e s t i g a t i o n  i f  the above-indicated automodel solu- 
t ions. 

The systems of ordinary equations, obtained from (7) with t h e  a i d  of 

Let  us pass i n  (7) t o  the new independent var iab les  r. kt t he  
same time, from (6) we have 

Let u s  consider fur ther  the  i s en t rop ic  flow of an u l t r a r e l a t i v i s t i c  

P = (k - I)E, P = aV-k, u = const, E ( ~ C  - 1) = aV-k. (13) 
gas when 

As w a s  noted above, A , u , v .  are fanctiom of ~ i h e n c e ,  i n  order t o  

obta in  t h e  automodel solution of (121, we should pos tu la te  

a = a @ ) ,  v = v ( h ) ,  P = r-ZA:(L). (14) 



Subs t i t u t ing  (13) and (14) i n t o  (U), we shall obtain 

To conclude, l e t  us consider the automodel motion of dust-l ike 

matter in i ts  proper g rav i t a t iona l  f i e ld .  A problem of t h a t  s o r t  has in its 
prooer ca l cu la t ion  system an exact so lu t ion  Cl]t however, i t  is i n t e r e s t i n g  
t o  obta in  the same so lu t ion  i n  the reading system of the  c e n t r a l  observer, 
who, besides  matter densi ty  d i s t r ibu t ion  observes also t he  d i s t r i b u t i o n  of 
ve loc i t i e s .  

Pos tu la t ing  i n  (12) P 5: 0 and t a k i n g  i n t o  account t h a t  a = a(A), 

w e  shall obtain from the first equation of the  ind ica ted  system 

(16) a2/C2= I -e-& 

( t h e  in t eg ra t ion  constants w a s  80 chosem t h a t  at i n f i n i t y  a t  A 3 0, 

from (8), 

a + 0). 

When we also take i n t o  account (16) and the  co r re l a t ions  following 

we shall have from the second equation of the system (12) 

It follows from (18) and (17) t h a t  at r+oo ( eL+i )  p-to., U t i l i e i n g  

(16) and (17),  we determine from t h e  l as t  equation of the system (12) J( a) 
after which from (11) we find t ( A ,  r). 

Note i n  conclusion tha t  certain questions of automodel flow6 of gas 

i n  t h e  GTR have been examined i n  the V.A.Skripkin d i s se r t a t ion  C63 in con- 
nec t ion  w i t h  the inves t iga t ion  of shock waves, 

+ e * +  T H E  E N D  * * + e  
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